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1. 

METHOD AND SYSTEM FOR PROVIDING A 
STATC SNAPSHOT OF DATA STORED ON A 

MASS STORAGE SYSTEM 

MICROFICHEAPPENDIX 

This specification includes a MICROFICHEAPPENDIX 
which is intended to be a part of the disclosure herein. The 
MICROFICHEAPPENDIX contains 2 pages of microfiche 
and a total of 105 frames. The MICROFICHEAPPENDIX 
includes computer source code used in the implementation 
of one preferred embodiment of the invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to mass storage systems for digital 

computers, and in particular to a method for providing a 
static snapshot or image of a mass storage system. 

2. Description of Related Art 
It is desirable during the operation of a computer system 

with a mass storage system, such as a magnetic disk, to 
periodically make a backup copy of the data stored on the 
mass storage system to allow for recovery in the event of a 
failure of the mass storage system. This is commonly done 
by reading the data stored on the mass storage system and 
writing it to a magnetic tape. 

However, if the data stored on the mass storage system is 
being updated by other programs as the backup copy is being 
made, the image of the data on the mass storage system 
written to tape may be inconsistent. This is because normal 
backup techniques either copy the blocks from the mass 
storage system sequentially to the linear-access tape, or walk 
the file system stored on the mass storage system, starting 
with the first block of the first file in the first directory and 
proceeding in order to the last block of the last file of the last 
directory. The backup program is not aware of updates 
performed to a block of the mass storage system after that 
block has been written to tape. 

This problem of inconsistent data being written to tape is 
particularly likely to occur if the mass storage system is 
being used by a database management system, where an 
update may involve changing information stored on different 
parts of the mass storage system. If a database update is 
made while the backup tape is being written, the image of 
the database management system written to tape will have 
the old values for any data already written to tape at the time 
of the database update, and the new values for any data 
written to tape following the database update. A restoration 
based on the tape image of the database would yield an 
inconsistent database. 

Horton et al., U.S. Pat. No. 5,089,958, which is hereby 
incorporated by reference in its entirety for the material 
disclosed therein, discloses a technique for producing an 
image of a mass storage system at any point in time after the 
technique is started. This is done by establishing a base 
image of the mass storage system at the start of the technique 
and a log indicating each change made to the mass storage 
system. An image at any point in time can then be produced 
by starting with the base image and making all the changes 
indicated in the log up to that point in time. To improve 
performance, the Horton system also provides for differen 
tial images so that the compilation of changes to form an 
image does not have to start with the base image. 
There are two difficulties with using the technique of 

Horton to provide an image for backup operations. First, the 
technique is not designed to provide a static snapshot or 
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2 
image of the mass storage system, but to allow an image 
from any point in time to be created at some later time. This 
increases the complexity of the technique and requires the 
compilation of changes whenever a virtual image is desired. 
The second difficulty with using the technique of Horton 

is that the log must store a copy of each change made to the 
mass storage system in order to produce an image of the 
mass storage system as it was at a specified time. This means 
that the size of the log can grow without bound, eventually 
exhausting the space available for its storage. At this point, 
updates to the mass storage system are not possible without 
compromising the ability to produce an image from any 
previous point in time. 

With many database systems or file systems, certain key 
blocks (such as master directory blocks) are frequently 
updated, perhaps with every update to any other block. A 
copy of these blocks must be written to the log each time 
they are changed. This will, of course, result in a very large 
log file, with many of the entries being copies of the key 
blocks as they changed over time. 

Another approach to creating a static image of a mass 
storage system is possible if the mass storage system has the 
ability to produce a mirror, or identical copy, of one disk's 
data on a second disk. At the time the static image is needed, 
mirroring of data is stopped and the mirror diskis used as the 
static image. When the static image is no longer necessary 
(for example, when the tape backup has been completed), 
the two disks are resynchronized, by copying any changes 
made during the time mirroring was not active to the mirror 
disk, and mirroring is resumed. 

This approach also has problems. Unless there are three or 
more disks mirroring the information on the main disk, when 
mirroring is stopped to produce the static image there is no 
longer the redundancy of mirrored disk or disks and updates 
can be lost if there is a disk failure. Furthermore, it requires 
an entire disk to be devoted to the storage of the static image. 

But the major disadvantage of this mirror disk approach 
is the time necessary to restart mirroring after the static 
image is no longer needed. This requires updating the mirror 
disk with all the changes that have been made since mir 
roring was stopped. If a log of these changes is not available, 
this means that all the data on the mirror disk must be copied 
from the disk which has been updated. For large disks such 
as would be found on a database system, this could take 
many hours. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a static image 
of data stored on a mass storage system as it existed at a 
particular point in time. 

This is accomplished by creating a virtual device that will 
appear as a mass storage device containing the static image. 
Write operations to the mass storage system are also inter 
cepted by the method. Copies of blocks on the mass storage 
system are placed in a preservation memory whenever they 
are going to be changed by a write operation, unless an entry 
for that blockis already in the preservation memory. During 
a read of the virtual device, the preservation memory is first 
checked, either directly or using a table of contents of the 
preservation memory, to see if it contains a copy of the block 
from the specified location. If the preservation memory has 
such a copy, that copy is returned as the result of the read. 
Otherwise, the block is read from the mass storage system. 

It is a further object of the invention to reduce the amount 
of storage required to provide the static image. The tech 
nique of Horton requires the storage of all changes from the 
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time the technique is started. The mirror disk technique 
requires storage equal to the size of the mass storage being 
imaged. In contrast, the method of the invention only 
requires storage equal to the number of mass storage blocks 
that have been changed since the static image was created. 

It is a further object of the invention to reduce the time 
necessary for generating the static image and for returning to 
normal operation when the static image is no longer needed. 
Unlike the technique of Horton, where the static image at a 
particular time needs to be compiled from the base image 
and log entries, all that is necessary for creating a static 
image using the method of this invention is to create the 
virtual device and establish the interception of writes to the 
mass storage system. No copying of data or compilation of 
an image is necessary. 
When the static image is no longer necessary, the virtual 

device is removed from the system and the contents of the 
preservation memory deleted if recovery of that space is 
desirable. No synchronization to the mass storage system is 
necessary nor is it necessary to merge updates into a base 
image to create a new base image. 
These and other features of the invention will be more 

readily understood upon consideration of the attached draw 
ings and of the following detailed description of those 
drawings and the presently preferred embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a representative digital 
computer configuration on which the preferred embodiment 
of the invention operates. 

FIG. 2 is a flow diagram showing the preferred steps of 
the method of the invention. 

FIG. 3 is a block diagram of a client-server configuration 
using the preferred method. 

FIG. 4 is a block diagram of the currently-preferred 
embodiment of the method in a client-server configuration. 

FIG. 5 is variant of the configuration of FIG. 4. 
DETALED DESCRIPTION OF THE 

NVENTION 

Referring to FIG. 1, which illustrates a representative 
computer configuration on which the method of the inven 
tion runs, it can be seen that digital computer 102 has 
connected to it mass storage system 104 and preservation 
memory 106. In some embodiments of the invention, asso 
ciation memory 108 may also be connected to digital 
computer 102. 
Mass storage system 104 can be any writable block 

addressable storage system, such as one or more disks or a 
partition of a disk. (If mass storage system 104 were not 
writable, such as a CD-ROM, its contents would not change 
and there would be no need for the invention of this 
application.) A partition of a disk can be a fixed area of a 
disk. The disks can store their information using magnetic, 
optical, or any other technique that allows writing and 
reading of data without departing from the scope and spirit 
of this invention. 

In the currently-preferred embodiment of the invention, 
digital computer 102 is a PC-compatible computer based on 
an Intel X86 series or compatible processor and mass 
storage device 104 is a SCSI or IDE magnetic disk con 
nected to digital computer 102 through an appropriate 
controller. 

Preservation memory 106 can be an area in the random 
access memory (RAM) of digital computer 102, one or more 
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4 
disks, a partition of a disk, or a file stored on a disk. Optimal 
selection of the implementation of preservation memory 106 
depends of the number of blocks of the mass storage system 
that will be changed during the time the static image is 
needed. The use of RAM provides faster performance, but 
may limit the number of entries in the preservation memory. 
If the preservation memory runs out of space when a new 
entry must be stored, the method fails and the static image 
is no longer available or remains in the state it was at the 
time the preservation memory ran out of space. It is impor 
tant to note that if this occurs, no data from the mass storage, 
system is lost, and the method can be restarted to produce a 
new static image. 

Referring to FIG. 2, which is a flow diagram showing the 
steps of the method, the method starts at step 202 when a 
static image of the mass storage system is desired. This can 
be indicated by the running of a special program, an oper 
ating System call, or an operator command, as appropriate 
for the operating system and application. 

In step 202, preservation memory 106 is cleared. In 
general, this will consist of setting the control information 
describing the contents of preservation memory 106 to 
indicate that there are no valid entries in preservation 
memory 106. 

In step 204, a virtual device appearing as a mass storage 
device is created. The method for creating a virtual device 
will depend on the particular operating system running on 
digital computer 102, but will be known by one skilled in the 
art of that particular operating system. In addition, it may be 
necessary in step 204 to configure the operating system so 
that the method of this invention intercepts any read or write 
operation directed to mass storage system 104. Again, how 
this is done will be dependent on the particular operating 
system running on digital computer 102. 

In step 206, the method waits until there is a write 
operation directed to mass storage system 104 or a read 
operation directed to the virtual device created in step 204. 
In variants of the method, step 206 also reacts to a read 
operation directed to mass storage system 104 or a write 
operation directed to the virtual device created in step 204. 

If the operation is a write to mass storage system 104, step 
210 is entered. Using the mass storage write address speci 
fied in the write operation, step 210 determines if there is a 
block of data associated with that mass storage write address 
in preservation memory 106. If there isn't, step 212 of the 
method is executed. Otherwise, step 212 is skipped and step 
214 is executed. 

There are a number of ways for determining whether there 
is a block of data associated with the mass storage address 
in the preservation memory 106. In the currently-preferred 
embodiment of the invention, there is a block association 
memory 108 also connected to digital computer 102. (Block 
association memory 108 may be a separate memory con 
nected to digital computer 102, or may be a portion of the 
RAM of digital computer 102.) Block association memory 
108 is used to associate blocks stored in preservation 
memory 106 with the unique addresses of blocks on mass 
storage system 104. Blockassociation memory 108 does this 
by containing entries indicating a unique address and the 
location in preservation memory 106 for the block associ 
ated with that unique address. 

Entries in block association memory 108 can be stored 
unordered, in which case they must be linearly searched for 
a matching unique address. If no entry is found with a 
matching address, there is not a block in preservation 
memory 106 associated with that address. Alternatively, the 
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entries could be stored ordered by unique addresses, in 
which case a binary search could be used to locate the 
matching entry in block association memory 108. Ahashing 
scheme could also be used to find a matching entry. 
The block association memory 108 can also be organized 

as an array with an element for each unique address of mass 
storage system 104. Each element of the array stores a 
preservation memory location, or a special value that indi 
cates that there is not a block in preservation memory 106 
associated with that unique address. 
The selection of a technique for storing entries in block 

association memory 108 depends on the characteristics of 
accessing the entries. Using an array provides the highest 
speed for accessing an entry or adding an entry correspond 
ing to a block just copied into preservation memory 106, at 
the expense of a large block association memory 108. 
Ordering the entries by unique address provides faster 
access than for unordered entries, but requires more time 
when an entry is added to block association memory 108. In 
the currently-preferred embodiment, entries are stored unor 
dered in block association memory 108. 

In this discussion, the term block refers to the data stored 
at a particular location in mass storage system 104 or 
preservation memory 106. Blocks are generally of a fixed 
size (e.g. 512 bytes for disks used with MS-DOS), although 
blocks of different sizes, or variable sizes, are within the 
scope of this invention. On mass storage system 104, each 
block has a unique address, specified in read or write 
operations. Ablockin preservation memory 106 is a copy of 
a block of data stored in mass storage system 104, and that 
block in preservation memory 106 is associated with the 
unique address of the block in mass storage system 104 of 
which it is a copy. 

For efficiency, it may be convenient to treat one or more 
contiguous blocks on mass storage system 104 as if it were 
a single, large block. Often operating systems perform their 
mass storage operations on contiguous blocks (called clus 
ters in MS-DOS). The extensions to handle clusters of 
blocks should be clear to one with ordinary skills in com 
puter programming. 

If block association memory 108 is being used, step 202 
(clearing preservation memory 106) consists of removing all 
entries from block association memory 108 or setting them 
to the special entry that indicates that there is no block in 
preservation memory 106 associated with each unique 
address. 

Returning to FIG. 2, step 212 is executed if there is not a 
block associated with the mass storage write address in 
preservation memory 106. Step 212 places a copy of the 
block of data currently located at the mass storage write 
address in preservation memory 106, updating block asso 
ciation memory 108 as necessary. It is important to note that 
step 212 will be executed at most once for each unique 
address on mass storage system 104, since the next time step 
210 tests to see if there is a block in preservation memory 
106 associated with that mass storage write address it will 
find the copy made by step 212. Because of this, preserva 
tion memory 106 will contain only copies of blocks as they 
were when the method was started. 

In step 214, the data to be written by the mass storage 
write operation is written to the location on mass storage 
system 104 specified by the mass storage write address. This 
completes the steps for a mass storage write, and step 206 is 
reentered to wait for the next operation. 

If the operation is a virtual device read, step 220 is 
entered. Again, a check is made to determine if a block 
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6 
associated with the virtual device read address is in preser 
vation memory 106. If there is such a block, step 224 is 
executed. If not, step 222 is executed. 

Step 222 returns the data from the block in mass storage 
system 104 specified by the virtual device read address as 
the result of the read operation. Step 224 returns the block 
from preservation memory 106 associated with the virtual 
address read address as the result of the read operation. This 
completes the steps for a virtual device read, and step 206 is 
reentered to wait for the next operation. 

If the operation is a mass storage read, step 230 is entered, 
which returns the data from the block of mass storage system 
104 specified by the mass storage read address as the result 
of the read operation. This completes the steps for a mass 
storage read, and step 206 is reentered to wait for the next 
operation. 

It may be desirable to allow write operations to the virtual 
device, changing the image as specified by the write opera 
tions. For example, it may be necessary to write a different 
label or other control information on the virtual device 
image so the operating system can differentiate it from mass 
storage system 104. 

If the operation is a virtual device write, step 240 is 
entered. Step 240 checks to see if the virtual device is 
read-only, and if it is step 242 is entered to return an 
appropriate error indication to the operating system or user. 

Step 244 checks to determine if a block associated with 
the virtual device write address is in preservation memory 
106. If there is such a block, step 248 is executed. If not, step 
246 is executed. In step 246, the data from the virtual device 
write operation is placed in preservation memory 106, 
associated with the virtual device Write address from the 
virtual device write operation. Block association memory 
108 is updated as necessary. In step 248, the data from the 
virtual device write operation replaces the block associated 
with the virtual device Write address of the virtual device 
write operation. This completes the steps of the virtual 
device write, and step 206 is reentered to wait for the next 
operation. 

While the description above describes the basic operation 
of the method of the invention, there are a number of other 
embodiments possible. For example, the same preservation 
memory 106 can be shared so that a second virtual device 
provides a snapshot image of a second mass storage system. 
In another embodiment, a second preservation memory and 
second virtual device can be used to provide a second image 
whose snapshot was taken at a different time of mass storage 
system 104. 
The computer system running the method of the invention 

can also be used as a file server for client computers 
connected to it by a network or other means. As a file server, 
it can export its mass storage system, the virtual device 
created by the method, or both. Such a system is illustrated 
in FIG. 3. 

File server computer 312, with mass storage system 314, 
runs the method of the invention. It exports the virtual 
device (and probably mass storage system 314) to client 
computer 302, communicating over network300. Computer 
302 can run a tape backup program that copies the infor 
mation from the exported virtual device to tape drive 304. 
No change is necessary for the tape backup programrunning 
on client computer 302, which sees the virtual device as Just 
another mass storage device. 

FIG. 4 illustrates the currently-preferred configuration for 
running the method of the invention. Network 400 connects 
client computer 402, with tape drive 404, to file server 
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computer 412, with mass storage system 414. File server 
computer communicates with standby server computer 422 
over data link 420. Standby server computer 422 has mass 
storage system 424. Through software running on file server 
computer 412 and standby server computer 422, as 
described in U.S. patent application Ser. No. 08/094,744, 
filed on Jul. 20, 1993 and entitled “METHOD FORRAPID 
RECOVERY FROMANETWORK FILE SERVER FAIL 
URE" (which is hereby incorporated by reference in its 
entirety), mass storage system 424 appears as a disk to file 
server computer 412 and mirrors the data on mass storage 
system 414. In the event of a failure of either file server 
computer 412 or mass storage system, 414, standby com 
puter 422 can be restarted as the file server. 

In the configuration of FIG.4, standby server 422 runs the 
method of the invention, and can export the virtual device 
either to file server computer 412, which can then export it 
to client computers on network 400, or standby server 422 
can directly export the virtual device to client computers. 
The virtual device can also be accessed by programs running 
on standby server 422. 

FIG. 5 illustrates a variant of the configuration of FIG. 4. 
Instead of client computer 502 having a tape drive, as was 
the case for client computer 402, backup computer 532 has 
tape drive 534. Backup computer 532 communicates with 
standby server computer 522 over data link 530. Standby 
server computer exports mass storage system 524 to file 
server computer 512 (whether mirrored or not). Standby 
server computer exports the virtual device with the snapshot 
image of mass storage system 524 to backup computer 532, 

Backup computer 532 can now copy the snapshot image 
of mass storage system 524 by reading the virtual device 
exported to it by standby server computer 522. Neither file 
server computer 512 nor standby server computer 522 has 
the overhead of the tape backup process, which can result in 
a degradation of performance if data compression needs to 
be performed before the data is written to tape. Also, a fault 
in the tape backup program will not affect either file server 
computer 512 or standby server computer 522. 

It is to be understood that the above described embodi 
ments are merely illustrative of numerous and varied other 
embodiments which may constitute applications of the prin 
ciples of the invention. Such other embodiments may be 
readily devised by those skilled in the art without departing 
from the spirit or scope of this invention and it is our intent 
they be deemed within the scope of our invention. 
We claim: 
1. A method for providing a static snapshot of data used 

by a computer configuration including: 
a digital computer executing the steps of the method; 
a mass storage system connected to said digital computer, 

said mass storage system storing blocks of data each 
located at a unique mass storage write address; and 

a preservation memory connected to said digital computer 
and used for storing a copy of any of said blocks of 
data, each of said copies being associated with one of 
said unique addresses; 

the method comprising the steps of: 
(A) clearing said preservation memory so that no copies 

of blocks of data are in said preservation memory; 
(B) creating a virtual device; 
(C) whenever a write operation to said mass storage 

system occurs, and said write operation specifies one of 
said unique write addresses for receiving at that unique 
address of the mass storage system a new block of data 
to be written to said mass storage system, then 
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(1) if and only if there is not already found within the 

preservation memory a copy of a block of data 
associated with said unique mass storage write 
address, then placing in said preservation memory a 
copy of the block of data located in said mass storage 
system at said unique mass storage write address 
prior to writing the new block of data in said mass 
storage system at that same address; and 

(2) writing said new block of data to said mass storage 
system at the location specified by said unique mass 
storage write address only after the preceding step 
(1) has been performed at least once for a given 
unique mass storage write address; and 

(D) whenever a read operation to said virtual device 
occurs, and said read operation specifies a virtual 
device read address, then 
(1) if there is not a copy of a block of data associated 

with said virtual device read address in said preser 
vation memory, then returning in response to said 
read operation said block of data associated with said 
virtual read address from said mass storage system; 
and 

(2) if there is a copy of a block of data associated with 
said virtual device read address in said preservation 
memory, then returning in response to said read 
operation said copy of the block of data associated 
with said virtual device read address in said preser 
vation memory. 

2. A method as in claim 1, wherein said mass storage 
system comprises one or more disks. 

3. A method as in claim 1, wherein said mass storage 
system is a partition of a disk. 

4. A method as in claim 1, wherein said preservation 
memory is a random-access memory. 

5. A method as in claim 1, wherein said preservation 
memory is one or more disks. 

6. A method as in claim 1, wherein said preservation 
memory is a partition of a disk. 

7. A method as in claim 1, wherein said preservation 
memory is a file stored on mass storage system. 

8. A method as in claim 1 further comprising the steps of: 
(E) whenever a write operation to said virtual device 

occurs, and said write operation specifies a virtual 
device Write address and a new block of data to be 
written to said virtual device, then 
(1) if there is not a copy of a block of data associated 

with said virtual device write address in said pres 
ervation memory, placing in said preservation 
memory said new block of data to be written to said 
virtual device; and 

(2) if there is a copy of a block of data associated with 
said virtual device write address in said preservation 
memory, replacing in said preservation memory said 
copy of the block of data associated with said virtual 
device write address with said new block of data to 
be Written to said virtual device. 

9. A method as in claim 1 further comprising the steps of: 
(E) whenever a read operation to said mass storage system 

occurs, and said read operation specifies a unique mass 
storage read address, then returning as the result of said 
read operation a block of data located in said mass 
storage system at said unique mass storage read 
address. 

10. A method as in, claim 1, said computer configuration 
further including a block association memory, said block 
association memory used to associate said copies of blocks 
stored in said preservation memory with said unique 
addresses. 
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11. A method as in claim 10, wherein said block associa 
tion memory contains entries, each entry indicating a unique 
address in said mass storage system and a location in said 
preservation memory of a copy of a block associated with 
said unique address. 

12. Amethod as in claim 11, wherein said copies of blocks 
of data in said preservation memory are associated with a 
unique address by searching said block association memory 
entries for a matching address. 

13. A method as in claim 12, wherein there is not a copy 
of a block of data associated with an address if there is no 
entry in said block association memory with a matching 
address. 

14. A method as in claim 11, wherein said block associa 
tion memory contains an entry for each unique address in 
said mass storage system. 

15. Amethod as in claim 14, where a special value for said 
preservation memory location in one of said entries indicates 
that there is not a copy of a block of data in said preservation 
memory associated with the unique address indicated by 
said one of said entries. 

16. A method as in claim 1, wherein said digital computer 
acts as a file server, and said virtual device is exported to 
other computers. 

17. A method as in claim 16, wherein said mass storage 
system is exported to other computers. 

18. A method as in claim 1, said computer configuration 
further including a second mass storage system storing 
blocks of data each located at a unique storage write address, 
and the method further comprising the steps of: 

(E) creating a second virtual device in addition to the 
virtual device created in step (B); 

(F) whenever a write operation to said second mass 
storage system occurs, and said write operation speci 
fies a unique mass storage write address of the second 
mass storage system and a new block of data to be 
Written to said second mass storage system, then 
(1) if and only if there is not already found within the 

preservation memory a copy of a block of data 
associated with said unique mass storage write 
address of the second mass storage system, then 
placing in said preservation memory a copy of the 
block of data located in said second mass storage 
system at said unique mass storage write address of 
the second mass storage system; and 

(2) writing said new block of data to said second mass 
storage system at the location specified by said 
unique mass storage write address of the second 
mass storage system only after the preceding step 
(F)(1) has been performed at least once for a given 
unique mass storage write address of the second 
mass storage system; and 

(G) whenever a read operation to said second virtual 
device occurs., and said read operation specifies a 
second virtual device read address, then 
(1) if there is not a copy of a block of data associated 

with said second virtual device read address in said 
preservation memory, then returning in response to 
said read operation said block of data associated with 
said second virtual device read address from said 
second mass storage system; and 

(2) if there is a copy of a block of data associated with 
said second virtual device read address in said pres 
ervation memory, then returning in response to said 
read operation said copy of the block of data asso 
ciated with said second virtual device read address in 
said preservation memory. 
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19. A method as in claim 1, said computer configuration 

further including a second preservation memory, and th 
method further comprising the steps of: 

(E) creating a second virtual device in addition to the 
virtual device created in step (B); 

(F) whenever a write operation to said mass storage 
system occurs, and said write operation specifies a 
unique mass storage write address and a new block of 
data to be written to said unique mass storage system, 
then 
(1) if and only if there is not already found within the 

second preservation memory a copy of a block of 
data associated with said unique mass storage write 
address, then placing in said second preservation 
memory a copy of the block of data located in said 
mass storage system at said unique mass storage 
write address; and 

(2) writing said new block of data to said mass storage 
system at the location specified by said unique mass 
storage write address only after the preceding step 
(F)(1) has been performed at least once for a given 
unique mass storage write address; and 

(G) whenever a read operation to said second virtual 
device occurs, and said read operation specifies a 
second virtual device read address, then 
(1) if there is not a copy of a block of data associated 

with said second virtual device read address in said 
second preservation memory, then returning in 
response to said read operation said block of data 
associated with said second virtual read address from 
said mass storage system; and 

(2) if there is a copy of a block of data associated with 
said second virtual device read address in said sec 
ond preservation memory, then returning in response 
to said read operation said copy of the block of data 
associated with said second virtual device read 
address in said second preservation memory. 

20. A system for providing a static snapshot of data 
comprising: 

a mass storage system for storing blocks of data each 
located at a unique mass storage write address; 

a preservation memory used for storing a copy of any of 
said blocks of data, each of said copies being associated 
with one of said unique addresses; and 

a digital computer connected to said mass storage system 
and to said preservation memory, said digital computer 
being programmed so as to comprise: 

(A) means for clearing said preservation memory so that 
no copies of blocks of data are in said preservation 
memory; 

(B) means for creating a virtual device; 
(C) means for creating a static snapshot of the data blocks 

of said mass storage system whenever a write operation 
to said mass storage system occurs, and said write 
operation specifies one of said unique write addresses 
for receiving at that unique address of the mass storage 
system a new block of data to be written to said mass 
storage system, by performing the steps of: 
(1) if and only if there is not already found within the 

preservation memory a copy of a block of data 
associated with said unique mass storage write 
address, then placing in said preservation memory a 
copy of the block of data located in said mass storage 
system at said unique mass storage write address 
prior to writing the new block of data in said mass 
storage System at that same address; and 
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(2) writing said new block of data to said mass storage 
System at the location specified by said unique mass 
storage write address only after the preceding step 
(1) has been performed at least once for a given 
unique mass storage write address; and 

(D) means for outputting data blocks of the static snapshot 
whenever a read operation to said virtual device occurs, 
and said read operation specifies a virtual device read 
address, by performing the steps of: 
(1) if there is not a copy of a block of data associated 

with said virtual device read address in said preser 
vation memory, then returning in response to said 
read operation said block of data associated with said 
virtual read address from said mass storage system; 
and 

(2) if there is a copy of a block of data associated with 
said virtual device read address in said preservation 
memory, then returning in response to said read 
operation said copy of the block of data associated 
with said virtual device read address in said preser 
vation memory. 

21. A method for providing a static snapshot of data used 
by a computer configuration including: 

a digital computer executing the steps of the method; 
a mass storage system connected to said digital computer, 

said mass storage system storing blocks of data each 
located at a unique mass storage write address; and 

a preservation memory connected to said digital computer 
and used for storing a copy of any of said blocks of 
data, each of said copies being associated with one of 
said unique addresses; 

the method comprising the steps of: 
(A) clearing said preservation memory so that no copies 

of blocks of data are in said preservation memory; 
(B) creating a virtual device; 
(C) whenever a write operation to said mass storage 

system occurs, and said write operation specifies one of 
said unique write addresses for receiving at that unique 
address of the mass storage system a new block of data 
to be written to said mass storage system, then 
(1) if and only if there is not already found within the 

preservation memory a copy of a block of data 
associated with said unique mass storage write 
address, then placing in said preservation memory a 
copy of the block of data located in said mass storage 
System at said unique mass storage write address 
prior to writing the new block of data in said mass 
storage system at that same address; and 

(2) Writing said new block of data to said mass storage 
system at the location specified by said unique mass 
storage write address only after the preceding step 
(1) has been performed at least once for a given 
unique mass storage write address; and 

(D) whenever a read operation to said virtual device 
occurs, and said read operation specifies a virtual 
device read address, then 
(1) if there is not a copy of a block of data associated 

with said virtual device read address in said preser 
vation memory, then returning in response to said 
read operation said block of data associated with said 
virtual read address from said mass storage system; 

(2) if there is a copy of a block of data associated with 
said virtual device read address in said preservation 
memory, then returning in response to said read 
operation said copy of the block of data associated 
with said virtual device read address in said preser 
vation memory; 
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(E) whenever a write operation to said virtual device 

occurs that specifies a virtual device write address and 
data to be written, performing the following: 
(1) if there is not a copy of a block of data associated 

with said virtual device write address in said pres 
ervation memory, placing in said preservation 
memory said new block of data to be written to said 
virtual device; and 

(2) if there is a copy of a block of data associated with 
said virtual device write address in said preservation 
memory, replacing in said preservation memory said 
copy of the block of data associated with said virtual 
device write address with said new block of data to 
be written to said virtual device; and 

(F) whenever a read operation to said mass storage system 
occurs, and said read operation specifies a unique mass 
storage read address, then returning as the result of said 
read operation a block of data located in said mass 
Storage System at said unique mass storage read 
address. 

22. A system for providing a static Snapshot of data 
comprising: 

digital computer for executing the steps Of a program 
mable method; 

a mass storage system connected to said digital computer, 
said mass storage system storing blocks of data each 
located at a unique mass storage write address; and 

a preservation memory connected to said digital computer 
and used for storing a copy of any of said blocks of 
data, each of said copies being associated with one of 
said unique addresses; 

and wherein the programmable method is comprised of the 
steps of: 

(A) clearing said preservation memory so that no copies 
of blocks of data are in said preservation memory; 

(B) creating a virtual device; 
(C) whenever a write operation to said mass storage 

system occurs, and said write operation specifies one of 
said unique write addresses for receiving at that unique 
address of the mass storage system a new block of data 
to be written to said mass storage system, then 
(1) if and only if there is not already found within the 

preservation memory a copy of a block of data 
associated with said unique mass storage write 
address, then placing in said preservation memory a 
copy of the block of data located in said mass storage 
System at said unique mass storage write address 
prior to writing the new block of data in said mass 
storage System at that same address; and 

(2) writing said new block of data to said mass storage 
system at the location specified by said unique mass 
storage write address only after the preceding step 
(1) has been performed at least once for a given 
unique mass storage write address; and 

(D) whenever a read operation to said virtual device 
occurs, and said read operation specifies a virtual 
device read address, then 
(1) if there is not a copy of a block of data associated 

with said virtual device read address in said preser 
vation memory, then returning in response to said 
read operation said block of data associated with said 
virtual read address from said mass storage system; 

(2) if there is a copy of a block of data associated with 
said virtual device read address in said preservation 
memory, then returning in response to said read 
operation said copy of the block of data associated 
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with said virtual device read address in said preser 
vation memory; 

(E) whenever a write operation to said virtual device 
occurs, and said write operation specifies a virtual 
device write address and a new block of data to be 
Written to said virtual device, then 
(1) if there is not a copy of a block of data associated 

with said virtual device write address in said pres 
ervation memory, placing in said preservation 
memory said new block of data to be written to said 
virtual device; and 

(2) if there is a copy of a block of data associated with 
said virtual device write address in said preservation 
memory, replacing in said preservation memory said 
copy of the block of data associated with said virtual 
device write address with said new block of data to 
be written to said virtual device; and 

(F) whenever aread operation to said mass storage system 
occurs, and said read operation specifies a unique mass 
storage read address, then returning as the result of said 
read operation a block of data located in said mass 
storage system at said unique mass storage read 
address. 

23. In a computer system having a processor, a mass 
storage system for storing blocks of data in response to write 
operations, and a preservation memory means, a method of 
providing a static snapshot of the mass storage system at a 
particular point in time so that said static snapshot does not 
change even though the contents of said mass storage system 
change, the method comprising the steps of: 

clearing the preservation memory means so that the 
preservation memory means is ready to preserve data 
blocks of said mass storage system: 

preserving a snapshot of the mass storage system at a 
particular point in time by executing at least the fol 
lowing steps: 
(1) when a data block is to be over-written by a new 

data block at said same write address, checking said 
preservation memory means to determine if the data 
block specified by said address has already been 
stored in the preservation memory means; 

(2) if and only if said data blockhas already been stored 
in said preservation memory means, performing the 
over-write operation so that said new data block 
replaces the data block at said address; and 

(3) if the data block that is to be overwritten has not 
been already stored in said preservation memory 
means, preserving the data block by first copying 
said data blockinto said preservation memory means 
prior to performing the over-write operation, thereby 
permitting said mass storage system to be updated as 
each data block is preserved at a given snapshot 
moment in the preservation memory means. 

24. A system for providing a static snapshot of a mass 
storage system at a particular pointin time so that said static 
Snapshot does not change even though the contents of said 
mass storage system subsequently change, said system com 
prising: 
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a mass storage system for storing a plurality of data 

blocks, each of said plurality of data blocks being 
specified by a unique write address; 

preservation memory means for storing the data blocks of 
said mass storage system so as to store a static snapshot 
of the mass storage system at aparticular point in time; 
and 

processor means for (1) identifying whether each data 
block of said mass storage system has been preserved 
in said preservation memory means, for (2) ensuring 
that each data block of said mass storage system is 
copied to said preservation memory means the first 
time said data blockis to be over-written by a new data 
block when said static snapshot of said mass storage 
systemistaken, and for (3) writing a new data blockto 
said mass storage system without first preserving said 
data blockif said data block has already been preserved 
in said preservation memory means. 

25. An article of manufacture for use in a computer 
system comprising a processor, a mass storage means and a 
preservation memory means, said article of manufacture 
comprising: 

a computer readable medium for storing programmable 
code means thereon to be executed by said processor: 
and 

programmable code means stored on said computer read 
able medium for causing said processor to perform at 
least the following steps when the computer readable 
medium is used to program said processor; 

(A) clearing the preservation memory means so that the 
preservation memory means is ready to preserve data 
blocks of said mass storage system; 

(B) preserving each original data block which exists at a 
given snapshot moment and which is specified by a 
write address on said mass storage system by executing 
at least the following steps: 
(1) when an original data blockis to be over-written by 

a new data block at said same write address, check 
ing said preservation memory means to determine if 
the original data block specified by said address has 
already been stored in the preservation memory 
neanS, 

(2) if and only if said original data block has already 
been stored in said preservation memory means, 
performing the over-write operation so that said new 
data block replaces the data block at said address; 
and 

(3) if the original data block that is to be overwritten 
has not been already stored in said preservation 
memory means, preserving the original data blockby 
first copying said original data blockinto said pres 
ervation memory means prior to performing the 
over-write operation, thereby permitting said mass 
storage system to be updated as each original data 
blockis preserved at a given snapshot moment in the 
preservation memory means. 
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